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(57) Abstract: A system ioc regulating spacer deposition is jnuvided. At least one ^aoer deposition component deposits spacer 
(80) on a portion of a wafer (4, 22, 1 104, 920). A spacer deposition connx>ller regulates the at least one spacer deposition componenL 
A system for directing light directs light (902, 912, 940) to the at least one sp&oen and collects light reflected (904, 914. 942) from 
the pardon of the wafer (4, 22, 1104, 920). A measuring system (50) measures thickness parameters associated with the deposited 
spacer (80). A processor (14) is operatively coupled to the measuzing system (50) and die spacer deposition controller, wherein the 
processor (14) receives the measured data ftom the measuring system (50), analyzes the measured data by coniparlng the measured 
data to stored acceptable spacer thickness values to determine necessary adjustments to the spacer deposition component via the 
spacer deposition controller to facilitate regulating spacer thickness on the portion of the wafer (4, 22, 1 104, 920) and on subsequent 
portions of wafers (4, 22, 1104, 920). 
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SYSTEM AND METHOD FOR ACTIVE CONTROL OF 
SPACER DEPOSITION 

TEC3BDNICAL FIELD 

Hie present inventiQa genetalfy relates to semiconducfcor processmgj and in partiealar to a system 
selective control of apacor deposition and post ^acer d^osilion etch piocesses based on q»cer depositkm 
analysis. 

BACKGROUND ART 

In the semicoinductor industry, ^hsre is a contiDaing trend toward higher device draisities. To achieve 
&ese high densities there have been, and ccmtinue to be, efforts toward scaling down device dimensions (fi,g. » at 
sub micron levels) on semfconductorwa&is. in order to accomplish such Mgh device packing densities, smalte 
and saiaUerfeatuze sizes are reqiiired. TTnsm^inohidethewidftandqpaaingofqwcer m 
interconnecting Unes^.spachig and diameter of contact holes* and die sudbce geometiy sochas oocneni and edges 
of various fsatures. Since each wafer employed in semiconductm- mannfactinrng may be diflferent; conventional 
systems may requite averagmg vahies associated wifii spacer deposM 

amount of spacer to ensu^diat a mimmaUyaocqnd^le amount of Sudi conventional 

systems suffer, therefore, fiom not being able to adapt to the unique critical dimenfflons fimnd on any individual 
wafer as it is being enxpbyed in semiconductor manu&cture. 

The process of manufacturing semiconductors, or integrated circuits (commonly called ICs, or chips), 
typically consists of more dian a hundred steps, during which hundreds of copies of an integrated circuit may be 
jfonned on a single wafer. QeneraUy, the process involves creating several patterned layers on and into the 
substrate diatulthnatdyfonns a con^lete integrated drooit This layering process creates electrically active 
regions m and on die semiconductor wafior sur&ce. The dectrically active regions nmy need to be s^arated 
fiom each other by ingulf tf'ng and/or spacing maleiiaL Conventional systems suSsr fiom not being able to adi^t 
processes to die individual chaiacteristics assodated witb dke electrically active r^ions on a wafer and dms 
yields nuQT be less than possible. 

Hie requirement of small features witibi close spacing between adjacent featmies requires bigh-resoludon 
photolithogr^hic processes. In general, lithography refers to processes for pattern transfer between various 
media. It is a technique used for integrated circuit &brication in which a silicon slice, the wafer, is coated 
uniformly widi a radiation-sensitive film, die resist and an exposing source (such as optical light, x-rays, etc.) 
illuminates selected areas of the sur&ce through an int^ening master templatBi the mask, for aparticular 
pattern. The Sdiographic coating is generally a radiation-sensitive coating suitable fbr receiviag a projected 
image of the subject pattern. Once the image is pn^'ected, it is indelibly fonoed in the coating. T^ 
im^e may be eidier a negative or a positive image of the subject pattenL Bxposure of die coating through a 
photomask causes the image aiea to become either more ox Less soluble (depending on die coating) in a 
particular solvent developer. The inoresohibte areas axe removed in the devebping process to leave the pattern 
image in die coating as less soluble polymer. 

The ability to reduce the size of con^uter diips is driven by lithography technology, which in turn 
rdie8iq)<m several Ulhographic parameters such as q»cer deposit!^ Duetotiieeidremelyfine 
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patterns that ate e3q)08ed on Aid photo resist oontroffing the depositioa and fomiatlon of apaoer materials used to 
separate one coinponfiiit on a mfe 

dimensions and packing densities^ Thimier and more acmatefyxne^^ fecUitate aohievia^ 

the higher packing densities. Due to convenliQnal non-uniform spacer dqjosition and inaccurate spacer 
d^osition monitoring techniquea, spacers having a thickness greater than fbs minimiim required may be 
deposited using accepted dq)08ition processes thus reducing yields in systems employioB such conventional 
spacer deposition. 

BISCXiOSURE OF THE mVENHON 
The following presents a sia4>lified summaiy of the iinF^^ 
to piovide a basic undetstandingofsome aspects of the inv^^ This summaiy is not aaeixtensive overview 
of the invention. It is not miended to identify key or critical element 

delineate the scope of tiie invention. Its sob puipose is to present some conc^ of &e inventksnin a simplified 
fom as a prekde to the more detailed descrqytion that is piesente^ 

The present invention provides for a system that ^ciHtates monitoring and oonlxolling spacer 
deposition. Furthennore, the present invention Militates adapting post spacer d^ositioa etcUng by pioviding 
accurate spacer deposition thickness measurements. An exemplary systsom may employ one or more light 
sources arranged to project light on one or more gratings and/or spacer depositions on a wafer and one or more 
Mgjrt sensing devices (e.g., photo detector, photo diode) fixr detecting Kght reflected by the one or more spacer 
depositioos. The Uglfat reflected fix)mtibe one or more gratings and/or spacer dq^ 
the spacer Ihkkness, which m^ vaiy during fte spacer deposition process and which may my <m various 
portioos of a wafer upon which spacer is being deposited. 

One or more spacer d^sition compoueaits are arranged to correspond to a partic»lar wafer portion* 
Each spacer deposition component may be reaponsible for depositing spacer on one or more particular wafer 
portions. The spacer deposition c<mponents are selectively driven by the system to deposit spacer at a desired 
thickness. The progress of the spacer deposition is monitored by the system by comparing flie thickness of the 
spacer deposits on die wafer to stored values corresponding to an acceptable thickness. DiflTereait wafers and 
even different components within a wafer nmy benefit from V By monitoring the q)accr 

thickness at ^ one or more wafa portions, the present mvention feciKtates selective conliol of spacer 
dqwisition. Furthemore, by monitoring flie spacer Mtoess at die one or more watopord 
invention &cilitate8 ddap^ post spacer deposition etohittg processes based on accurate qmcer ttdckness 
measuremenls, which in torn fadlifHtesachievi^ As a result; more cpthnai spacer 

depositimi is achieved, which in turn increases desired critical dimensk)ns and faftflftafM achieving higher 
packing densities ontiie wa%. 

One particular aspect of die invention relates to a system for regulating spacer deposition. At least one 
spacer deposition component deposits spacer on a portion of a wafer. A spacer deposition component controller 
controls or regulates the at least one spacer deposition conq)onfiiit A system for directing light directs light to 
dieportkmof the wafer and collects light reflected jftom die portion of the wafer and a measuring system 
measures thickness parameteis associated with the deposited spacer according to die light reflected from die 
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portion of the wafer. A proce^or is operativelycxxupled to flifi measuring 

controller. The processor receives the measured data associated with the deposited spacer £:oin the measuring 
system, analyzes the measured data by comparing Ifae measured data to stored acceptable spacer ftickness vahies 
to '^j^tormiuft necessary adjustments to fte spacer deposition conqxments via tiie spacer deposition conlzQllear in 
order to fiusDitatn regulating spacer Sickness on the portion of flie wafer and on sabseqoeat portions of wafes. 
In an altcniative aspect of the present mvenlion»onoe^8^^ q>aoer 
xoeasiirefnentB are taken and are employed to con^ynte etching parametBrB that can fbeax be employed in one or 
mate post qpacer deposition processes to fiudlitalB achieving desired critical d^menmons. 

Ano&rar aspect ofthe present invention relates to a mdhod&rr^ The 
method inclndea defiuoing a wafer as having one or more portions upon which spacer is dq^ositfid, directing light 
oxitolhfi one or more portions, coUectiug light reflected finm&e one or mo^ measuring the 

reflected light to detennine spacer titdckoess on the pcrdoiL The method iurto includes using a processor to 
analyze die reflected Hght associated widi die ^ckness of die spacer deposit by comparing the reflected light to 
stored spacer thickness acceptable values. A processor may then be enipkiyed to compute adjustments to be 
made to one or more spacer deposition components via a spacer depositicm controUer to rpgulatc the tfudmess of 
spacerdeposiL In an altonutive aspect ofthemediod, once spacer dq^ 

measurements are employed to oonqnito etching parameters that can tfacnbe empl<^yed in one or more post 
spacer d^osition processes to facilitate achieving desired cr^^ 

StQl another aspect of the present invention relates to a method for regulating spacer dcpositioiL Tlie 
method includes partitioning a wafer into a plurality of grid blocks and using one or more ^acer deposition 
components to deposit spacer on the wafo, ^iiere each spacer deposition component fimctionaUy conesponds to 
a respective grid block. The method fiirtiier inchides determining spacer thickness on die various portions of the 
wafer, where each pordon conespcmds to a respective grid block. Once the spacer diickness has been measured, 
the method includes employing a processor to coordinato controlling the spacer deposition oonxpcmfints. 

To the accomplishment of tibie feregoing and related ends, the invention^ then, oonqirises the features 
berdnafiierfuUy described and particularly pointed out in dw The foUowmg description and ^annexed 
drawings set ferdi in detail certain illustrative eatao^ Hiese exanq)les are indicative, 

however, of but a few of the various ways in i^ch the principles of the invention may be eoxployed. CXher 
objects, advantages and novel features of the invention will beccHne apparent fitxu the following detailed 
descriptton of fee invention when considered in conjunction with the drawings. 

BRIEF PKSCRIPnON OP THE DRAWINGS 

Fig. 1 is schematic block diagram of a spacer deposition monitoring system in accordance with the 
present invention. 

Fig. 2 is a schematic block diagram of a spacer d^osition mimitrang system in accordance wife the 
present invention. 

Fig. 3 is a schematio cross-sectional ilhistratkm of a semiconductor structure^ whereupon features have 
been fibticated and ^difitreupcm there are spaces between featw 
present invention. 
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Fig. 4 ifl a aclumatic iUnsttatuHi of tiie Bemicoodiictor of Fig. 3 tmdetBoing a deposition process to 
ocmfonnany deposit a spacer layer on tbe structute in accordance wifli the piBsent invention. 

Fig. 5 is a schetn atic orosfr-sectional ilhistiation of flie structure of Fig. 4 after flie spac^ layer has been 
confiannally formed n the structure. 

Fig. 6 is a schematic cross-sectional illustralion of the stnictmtt of Fig. 5 undergoing an ttdb of the 
spacer layer in accordance with the piesent inventioiL 

Fig. 7 is a schematic cross-sectional illustration of the structure of Fig. 6 after fiie etcti is ccm^lete in 
accordance wiOi an aspect of the present invention. 

Fig, « is aperq[>ective ilhislration of a substrate havu^ 
present isveatioiL 

Fig. 9 is a representative three^^'menRiona l grid map of spacer tfaidmess measuremeate taken at grid 
blocks of the grid map in accordance WLlh present inveiitioin. 

Fig. 10 is a spacer thickness measmemeoit table correlating &e spacer tfiickness measnremcnla of Fig. 9 
with desired values fijr the spacer thicfcoess measurements in accorxfance with the present inventiojou 

Fig. 11 is an e!iaaq)te8catteromctiy system collecting lefle^^ 
present inventioa 

Fig. 12 is a flow diagram illustrating one specific methodology for canyhig out the present invention. 
Fig. 13 is a aimpHfied perspective view of an incident light reflecting off a surface, hi accordance witii 
an aspea of ^ present invention. 

Fig. 1 4 is a shnplified perspective view of an incidoit light inflecting off a snrfice, m accordance wifli 
an aspect of the present invention. 

Fig. 15 ilhistratesacomplexiefleotedandrefiactedlifijitpiodttcedw^ 
onto a surface, in accordance with an aspect of the present mvention. ' 

Fig. 16 ilhastrates a conq)lex reflected and reacted light produced when an rnddent is dhected 
onto a surfece, in accordance with an aspect of flio present invention. 

Fig. 17 illustrates a complex reflected and refiacted light produced when an mcident is directed 
onto a surftce, hi accordance with an aspect of the present mvention. 

Fig. 18 illaslretes phase andmtenai^ ^gnals recorded fixm^ 
produced whai an mddeot H|jit is directed onto a surfece, hi a^ 

MOBES FOR CARRYEifG OIIT THE OrnKTION 
lie present invention wiU now be descn^ed with refM^ 
numerals are used to re&r to like elements throughout The present kventionwifl be descnT)edwitiiiB&OT«^ 
a system for coatrolHng spacer deposition usmg one or more ^acer deposition con^onents and a scatteromeliy 
system. 

Rfiferrhig initiafiy to Fig. 1, an exemplary system 1 for selectively controUkg spacer dqjosition on a 
wafer 4 is ilhistrated. The system 2 includes a spacer formation monitoring system 6 operably coupled to a 
signahire data store 8, The spacer fonnationmanitoring system 6 is employed to gatiierw^iiM measurements 
as8ociatedwithspaocrbemgdepositodanfliewBfer4. The measurements can molude, but are not limited to, 
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thickness measuremeots, coverage measurcments and conformality mfiasuremeiita. The sigoatoro data store 8 
can store data associated with analyzing light reflected from thee wafer 4. The data store 8 can store data in data 
stcuctuxes including^ but not limited to on or xnore lists, arrays, tables, databases, stacks, heaps, linked Usts and 
datacobes. The signatiue data store 8 can reside on ozie physical deivice and/or may 
or more pL^sical devices (e.g,s disk drives, tape drives, mflmoiy units). 

The spacer fboonatian monitoring system 6 can be a standalone device and can also be distributed 
between two or more coopefatrng devices and/or processes. The spacer formation monitCMing system 6 can 
reside in one physical or logical device (e.g., computer, process). 

Ligbt reflected fcom and/or re&acted by one or more gratings 10 and/or one or mere features 12 can be 
analyzed to determine the accQ>tabiUty of the spacer layer being deposited on the wafer 4. For example, at a 
fffst po int in time daring sp acer dqx>sition, the light reflected from and/ or refine ted by tlie one or more gratings 
10 and/or one or more features 12 may indicate that less than a pre-detennined required amoimt of spacer has 
been deposited, and thus spacer deposition should continue. But at a later point in time during spacer 
deposition, the light reflected fiom and/or redacted by the one or more gratings 10 and/or one or more features 
12 may indicate that the pre-detennnied requhed amount of spacer h^ 
deposition should cease. Furthemum, in an aheniative aspect of the present inventk^ 
after die pre^etennined required amount of spacer has been deposited can be employed to ca l cu l a t e one or more 
parameters associated witti post-spacer deposition etdbing, to ^y^^jt^t" achieving desired critical dimensions. 

Referring now to Fig. 2, a system 20 for selectively controlling spacer deposition on a wafer 22 is 
iUustiated. The system 20 employs one or more light sources 44 to project light onto portions of die wa&r 22. 
Bach light source 44 may be associated witii one or more portions of the wafer 22. The waJ^22 may have one 
or more features and/or gmtings located on it, upon which spacer is to be d^Msited confoimally to apre- 
determined desired thickness. Light reflected from and/or refracted by the spacer d^sited on the wafer 22, 
including spacer deposited on the one or more features and/or gratings is collected by one or more light 
collecting devices 40 and is processed by a spacer fennation monitoring system 50 to measure at least cue 
parameter lelatfaig to the spacer deposit (e^,, thickness* unifeimity, coverage). Tbt reflected lig^ is measured 
wilh respect to flie incid«it light to determine parameters (eg., Ihidmesa, nadBaaaaiXy^ covenige) associated wifli 
flie spBcer, Thickness measuroncntB may include vertical thickness and horizontal thickness. 

Ihe mifflmw^wE system 50 includes a scatterometry system 51. It is to be appreciated tiiat any suitable 
scatterometry system may be employed to carry out the present tnvention and such systems are intended to fell 
within the scope of the hereto appended clauns. A light source 28 such as a las^, for example^ provides light to 
die one or more light souioes 44 v/^ the monitoring system 50. Prefisrably, the light source 28 is a frequency 
stabilized laser however it will be appreciated diat any laser or other light source (eg. . laser diode or helium 
neon (HeNe) gas laser) suitable for carrying out the present invention may be enq>loyed. 

A processor 14 is programmed to control and opecato various componentB within the system 20 in order 
to carry out various functions described herein. The processor 14, qperatively coupled to the measuring system 
50, receives the measured data associated with the deposited spacer fiom die measurii^ system 50 and analyzes 
meamTRff ^ ata hy Rompftring it to Stored acceptable spacer thickness values. Aocordipg to results ftfais 
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anabnris,thepr«e««rl4<tot«n^ 

acbevedesfr«l«pacerthiolc««inc^^ Inp«tfcal.,.ttopioceasorl4anajy2« 
di '°e«<««^databycomparmgfl,eineas««ld8tatori^ 

vaIu«maybe8to«dmadalBba8e.forexan,pla ll«»sta«dvala«m,yiBd«dolKA«ce^ 
i^table spacer liuckness values suchlhatthcproceM^ 

Ho^raacceptablc. Additionally, in an dten»tive«.Bnapte of th«p«8«itinventtan.fl«»fl«^ 
-nrij^d todetomrfne(««,ormo«par8meters a^ociated wi^ 
adapting the etdi process to produce desired critical dim^ 

Aten«tivebr.orinadditian,fl,eineasmingi^50d«^ 

tn™mfltingfl.emeas»«ddatatoa»proce8sorI4. Ihbothtiw W 
coop«.a„,„««^,p3cerfiUcImesswilhBtored,ah^ 
arunacceplBble. is. &e processor 14 «ayempk^ a noa-Jineartnuni^ 
spacerIayeriswi1iunap„>.deter»rinednu^etoco»s^ 
anon-Wtrainii^ ^tem is discussed above, it is lobe app«^ 
inv«tK>n may c^iploy technologies assodated^feciUtating^ 
ofeaorcoati ^".ncm-lineartnriuii^ayBWmeftodotoeiesC^^^^^ 

nan-bnear rogresrion. or ofter «uid ne»woddng paradigms induding of «pert8. cerebella model 

an^Jin.«er(a^CSXxadiaIbasislimction..d^ 

Upoadetemuning to Ihe spacerhyw i, «„«c^ 
waierlobeconectedortobediscarfed. Iftfae^ism,4«dfe«,^„^^p^ „^ 

detcmune .j^e or tj^es of adjustments to be made to fl« ^ dn,o.ition ^ 
8pacerlayerwilhadesi«d.hickness. processor 14 transmits these a-Sustmenls to a s^ 

controltertbatcon1rolsd«spacerde^anpn>cessacoordi„gly. Thismay alsoberefe«dtoasalbedback 
control sy^m, within a« 14 ^ 3,,^ ^ p^^^ 

theamsln»to,heroomponemstomatetlKH«adfu«m««te 

dc|K>Bitioii, 

Inftecase<rfg»atarfl»nde.irodverlicalMW(^..hei8ht).fl^^ 
spacerand/or,^ertounde,gocbemicalmecbanic8lpolishingforap,^de.e^ 
d.scaniing«afers due to spacer depositioneirars. Fi-4eano«.fteproce«ar 14««yprod«»o«eormoro 
values a«rt can be employedincontrollingapost spacer depositi^^ 
deposxnoa ^^i^ case ofkss than desired vertical an«dmess(e:g.. height), ti^ 
qjaoor dqxMilion process to cause mote spacer to be dqjosited. 

Hieptocessar. or CPU 14. may be any of aphira% of processon,. such as the AMD K7. A41on and 
ofl^ersmalar-ulcompalibleproccssot.. THe manner in ^ the processor 14 can be progr^ed to cany cut 
thefimctian8rdati«8to.l»prosentiavention*iUber^ 
rased on tiie descrqrtian provided hereiiL 
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A fflemory 16> which is operativdy coupled to fiie processor 14, ifl also included in (he system 20 and 
serves to store progcam code executed by the processor 14 for carrying out peratmg functions of the system 20 
as described herein. The memory 16 also senrra as aatorage medium for temporarily storing mfiumatiQnsuch 
as spacer diiclcness, spacer thickness tables, wafer cocndinale tables, scatterometiy mformation, and other data 
that be exxq>loyed in carcyi&g out die present ioTODitiQiL Apowersui^ly 18 provides operating power to iSio 
system 20. Any aaitaUe power sui^ly (e,g. » battety, Ime power) may be employed to cany out Ae preaeot 
invention. 

Fig. 3 lUustratea a stmcture 60 that includes an oxide layer 52, a polysiHccii layer 54, an and-oiefleclive 
coaling lsy& 62 and a patterned photoresist lay^ 64. Formation of dw stnicture 60 is well known in fiie art, and 
tbus&r&er detail concentingaachfonnaticHi is omitted for the sake XliephotorB»8tl^er 64bas 

been patterned, and in Fig. 3, three features 66 are separated by two substantially equally spaces measuring di. 
While three features 66 are illustrated, it is to be appreciated diat a greater or lesser number of features may 
appear an a wafer being processed in accordance with the present inventioiL Furdier, although tiie spaces d] are 
illustrated in Fig. 3 as substantially equal, it is to be appreciated that various features may be separated by 
various width gaps. The ^acerfonnation monitoring system 50 is iUustrated as dire^^ 
60 and receiving backlight reflected from the stnicture Thus, nusasuremeiitsooncaning the pattenied 
photoresist layer 64 can be xnade, ^Kliich can then be enq>loyed in detennii^^ 

associated with a spacer deposition process. For eocamplei, the measurement dimscyhe employed to detemiine a 
spacer dqiosition rate and/or time. The space di between flie featnros 66 can be important to delennining 
transistor performance in a semiconductor incoipomting the stnicture 6D. Purdier, electrically isolating Ihe 
features 66 can be important to reliable ppemtion of a semiconductor incorporating the structure 60. Since each 
wafer may have unique critical dimensions that may require unique spacer deposition, the spac^ fimnation 
monitoring system 50 can be employed to evaluate pre-spacer deposition critical dimensions (e.g*, dj) to 
&cilitatB pre-calculating spacer deposition parameters (&g., time, rate)* 

Fig. 4 iUustrstes a spacer deposition step 70 performed on the structure 60 to 
conformal to the exposed sur&ce of the structure 60. Spacer deposition processes and techniques are well 
known in the art and dius are not discussed herein for &e sake of brevi^. The spacer fbrmattimnuinitoring 
system 50 is again iUustmted as directing Ught onto the strocfnre 60 and receiving ba^ 
8tructurB60. Thus, measurements coDcernhig Ihe spacer deposition process 70 can be made, 
employed in situ to detennine one or more parametets associated with controlling the spacer deposition process. 
For example, the reflected light may indicate ^t the spacer deposition process is proceeding too quiddy, and 
thus the spacer formation monitoring system 50 may cause the deposition process to be slowed down. Similady, 
the reflected light may indicate that the spacer deposition process is proceeding at a desired pace, and thus the 
spacer formation monitoring system 50 may cause the deposition process to be maintained at its current rate. 

Fig. 5 illustrates the structure 60 afier the spacer d^sition step 70 is substantially cranplete. A spacer 
layer 80 is oonfonnalto the exposed sur&ce of the structure 60 with, preferably, a substantially unifomi 
thickness. It is to be appreciated fiiat the spacer layer 80 maybe formed fitnn a variMy of spacer compounds 
known in the art The spacer formation monitoring system 50 is once again ilhistrated as directing li^t onto fihe 
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8lTOoture60andieceivtagbadcli8iitiBfle(^ lBFig.5,fl»piw«iceoffhe8peber]ayw 
80 wlU affirt die light bong raflcotod baxi to and an^^ 
Tbns, measormoiits Kfflcenimg &e qjacCT layer 80 can be 

detennine one or more parameters associated with controllmg a post spacer deposition etehing proww?, fijr 
esample. One or more measurements, (e.g., tl. t2, t3) may be made from the reflected tigtst, thus measuraneDts 
like di, for mample, may be conputed. For example, the dimension d, m^ be controlled accoidiiv to the 
following relatioinsb^: 
d,-d,-(2*t3) 

One or more measnrements (e^., 1 1, 12, fi) may be employed to detasmne wfaedier additicHial tpaoerB 
slwwW be dqposited TOfiie wafe, vAe&ertheTra^ 

orTxietberttewa&lsrBBdyferpostspacerdqiositioopi^^ Ifftfi wafer krea^fbir post 

qiaoer depositimi processing (eg., etching). Ihm the measunments tl, 12 and t3, for example, be OB^doyed 
in determining parametois for diat post spacer depositian processing. ForaampIe.afifBta6tofmeasnremenl8 
tl, 12, t3 may indicate fliat a first set of etdiing parameters should be applied in post spacer deposition 
processing, while a second set of measurements tl'. t2*, 13' may indicate that a second set of etching parametcni 
should be qqilied in post spaces: deposition processing to feciKtate achieving desiml critical dimensions. 

Each slrnolnre 60, and ea(A upon which a structure like tfie stnictute « appear may 
etitiealdimensians. Oonventkaal systems m^mrt account for sndiudqw critical dfanensiom 
detoinined approximations may be empbyed in dete^^ Ttai8,by 
anatyring li^ reflected fiom die structure 60 and/or spacer la^ 
advantages over su^ conventional systems. 

Fig. 6 ilhistiates an etnh stf^ 90 being peir&nned to remove a tUclmess of the spacer la^ 
Preferably, die efa* 90 is perfonned to remove an amount of the spacer iayer 80 equivalent to Ae confonnal 
thickness of the spacer layer 80. Conventionally, approximations or pw^letemiined amounts of spacer may 
have been cemovcsdfiom the spacer layei- 80. But fte present niventiDn,l^feciUfatingaaalyzmgdio spacer 
1^ 80, indodiog its finckness, coverage and unifonnity, provides advantages over convaitional systems in 
that a more precise measonmumt concenung anK)ant of spacer to be removed 
be calculated, leadhig to hnprovenMots in adhieving Awred ci^ 

Substantial oon5>letfc»offl»eteh step 90 resultg in a stnicto The stnioture 100 

iUustrates the features 66 bemg separated by substantially equal spaces measuring dj, 
are iUustrated, it is to be ^predated diat a greater or lesser number of features may qipear on a wafer being 
processed in accordance with die present invration. Further, alfliough the spaces d, are iUnsttated in Fig. 7 as 
substantially equal, it is to be appreciated fliat various features may be separated by various width gaps. Reliable 
operation of a semiconductor incorporating the structore 100 may rely on the distance d^, which can be shown to 
measure d,- (2 •t4). Tbepreoiaionofthe etching ilhisliatod in Fig. 6, which produced the g^ 
Kg. 7. is feoOitatod by the present invention providmg boAinsHu spacer iepoa&m information and post spacer 
deposition measuiemenb. 



8 



wo 03/003447 PCT/US02/03026 
In Fig. 7, tfac &pac^ fonnatk>nmonitonng system 50 is tUnstialed as directing Ijgfat onto the structare 
100 and receiving back lig^t rcflectBd from the structure 100» Tbus, measoremmts concenung tfae results of the 
spacer deposition process and (h& post spacer d^osition etching process can be made^ which can then be 
employed to determine whettier desired cntica] dimensions have been adiieved. For example, the reflected light 
may indicate that the spacer depositton process has produced wafers with unacceptable critical dimensions, and 
tbus the wafers should be scrapped For example, fh& gaps d, may be too smalli because one or more spacer 
deposits 120 assodated with one or moie features Mare too wide. 

l^nnmg now to Figs. 8-10 a dinck 30 is shown in peispeodve supporting a wafer 22 fliereons 
wfaereu|)Qn spacer is deposited. The wafer 22 may be divided mto a grid pattern 28 as that diown in Fig. ^ 
Each grid block (TGO of A® 8^ pattern conesponds to a particular 

m^ have one or more spai»rdq)08it measurements associated with fl^ Each portion may be 

individually monitored for ^acer thickness and each portion may be individually controlled for spacer deposit 
In Fig. 9, the portions of die wafer (X,Yj . X^, Y^j) are being monitored for thickness using reflected 
light, the measuring system 50 and the processor 14. Thickness measurements from the diGSsient portions of fbe 
wafer are shown. As can be seen^ the thickness at coordinate X7Y5 is substantially higher tiian the thickness of 
the other wafer 22 portions XY. Fiig. 9 iUustrates the wafer 22 being mapped (partitiofled) into 144 gdd block 
portions, however it dhould be ^ipredated &Bt the wafo 22 may be m^^ 
portions. 

Fig. lOisar^resoitattvetBbkoftfdcknessmeasurmcntsCtBkenfortiievBi^^ 
been correlated wilh acceptable thickness vafaies for the portions of the wafer 22 mapped by the respective grid 
blocks. As can be seen, all the grid blodg, exoept grid block XfY^^ have thickness measurwncnts conesponding 
to an acceptable thickness value (Tj) (eg., are within an expected range of thickness measurements), while grid 
blodc XjYc has an undesired thickness vahe (J^). Tim, the proce^or 14 has determined that an undesirable 
thickness conditioii exists at the portioiL of the wafer 22 mapped by grid block X7Y5. Accordingly, the processor 
1 4 can control spacer deposition for tlie portion of the wafer 22 mapped at grid block X^Y^ to brmg the spacer 
thickness of this portion of the wafer 22 to an acceptable level It is to be appreciated tiiat the spacer deposition 
process may be driven so as to increase, decrease aod/or maintnm the rate of spacer deposition as desired 

Fig. 11 iUustratBs an exemplary scattercmietTy system coIlectiDg reflected light light from a laser 1100 
i8bn>nsihttofbcu8inanysuitd)leweli-kncwnmamiertofo^ A sample, such as a wafer 1104 is 

placed in tiie path of fiie beam 1 102 and a photo detector or photo multiplier 1 106 of any suitable weQ-known 
conatructian. DifEbrentdetectcn* methods may be eiiq)loyed to detennhu Toobtaina 
gmting pitch, the photo detector or photo multiplier 1 1 06 may be mounted on a rotation stage 1 108 of any 
suitable weU-^known design. A microprocessor 1 1 1 0, of any suitable well-known design, may be used to process 
detector readouts, including but not limited to angular locations of different diffracted orders leading to 
dif&action grating pitdies being calculated. Thus, light reflected from the sample 1 104 may be accurately 
measured. 

In view of the eseemplaiy systems shown and described above, methodologies, which may be 
implemented in accordance with the present invention wiU 
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diagram of Fig. 12. WhflefopiiipcwaofBiiiplid^yof 

described as a series of bkxiks, it is to be imdostood and qipieoiated Ifaat die pnsent invcntian is not limitBd by 
Ae order of Ae blocks, as some blocks m^, In acccrdanee vHk the pment iovoitioii, occur in diffinat otden 
and/or concunently wifli other blocks &cm that shovoi and described heicdn. Moreover, not all illnstratiid blocks 
may be required to implement a methodology in accordance with die present inventiOT. Purfter, additbnal 
and/or alternative methodologies may emptoy additional btocks jMt ilhistrated hereh^ 

Fig. 12 18 a flow diagram illustrating one particular methodology for canying out the present inventicm. 
At 1200 general initiaIi2atiQttsocciir. Snchinitializatians can mclude, but are not limited to, aDocatmg 
memoiy, estabUshing pomtDrs, establishing data craunanications. acqumng resources, setting variables and 
displqring process activi^. At 1210 a grid map is generated on a wafif flmt wm 

with Oe present invenlfam. One or more ibataes and/or gratings may appear In each of ftc portions of the ^ 
Light is dim directed at flio one or more portions of fl» grid, and reflected Hg^ ^ j22o, gridbkxsk 

spacer tWokness measurements and/or analyses areperfiamed. Such mcasnronents can iichide thickness, 
unifonnity and coverage, for eMmpk. The reflected Kght can be analyzed by con^iaring one or more signatiirBS 
gaflieredfixMi the reflected light to one or more stored signatures. Snchcranparison can be employed to 

detBinune whether the spaoM- deposition is occuniig at a desired rate, m a desired mannw 
spacer dqmsitkm process should be altered. 

At 1230, 8 determination is made conoeiniiigwheflier an the grid blocfa have been measnicd. fiione 
eran?)le of the present invention, an grid blooka are measured and Ae iBSute are enqiloy^ 
dqioaition.. foanolhareMmpleoffl»pr8Sortinventi<m,oneormorewpnBsentathregridbfo<toa^ 
and die results firom to amalkr set ofgridblodcB are eiiqjkjyBd to control dei^ Atl240,fl» 
measnremenls of 1220 arc anatyzed For emnple, the flndcness measnren^ 
wheAer the spacer depositkm is occurring at a desired rate, in a deshed manner and whether Ae spacer 
deposition process should be altered. 

At 1250 a determination is made oonceinmg whether there are any unacceiplablemeasurememts. For 
exan^rie, a detKmhiation omcetmng wheOer th«sre are any unacceptable thickness measuiemmts % may be 
made. Iffl«delennination at 1250 is YES, then at 1260. one or more spacer dqwsitk^ 
cantrolledtoaltBTthespacerdepositinnpiocess. BywayofilhMtratibiD.if oneareaofthewafisriqKmwhioh 
spacer is being dqpodted has too mradh spacer MlativB to other port^ 
be altered to reduce the anumnt of queer bemg dqmsited in die offendmg area. 

At 1270 a determination is made concenimg whrther die deposition process is coo^leteL If the 
determination at 1270 is NO. Aen processing returns to 1220. But if Ae deteimmation at 1270 is YES, dm at 
1280 vahies may be computed to fecilitate controlling one or more post spacer deposition processes. By way of 
flhslration, the thickness of one or more portions of a spacer layer may be analyzed to produoeparametera 
enployed in a post spacer dqwsition etch process. For example, if a spac» layer is slightly thidcer Aan 
antteipoted, then more etdiing Aan was origmally scheduled may be performed, but if a spacer layer is sH^fly 
Aicto Aan anticipated. Am less etdimg than was orighially scheduled m Hni8,imique 
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properties associaled with spacer de|)08itton on individual wafers may be accounted fin*, leading to achieving 
desired critical dimensions and producing incieases in yields ovear conventional systems. 

Scattexametty is a tschniqufi for extiacting m&nnatiQn about a sur&ce upon v^hidi an iiKndent light has 
been directed. Bifinmatkm conceming properties including, but not limitBd to» dishing, erosiooiy profile, 
thinh^q^ fyf ri^Tii fiffntt and criticftl dftngMiQiifl of feaftMBs praaent Qtt fee surface can be extracted. The 
tnfamifli Mwi can be extracted by comparing fee phase and/or intensity of fee light directed (HSto fee surface wife 
phase vad/ar intcnaiiy signals of a conq>lex refiected and/or dif&acted light lesnlting from fee incident light 
reflecting fiom and/or difi&aoting feroagh fee surfece vpon^^cih the incident lig^t was directed. The intensity 
and/or fee phase of the reflected and/or diffiacted light will change based on properties of fee surGuse upon 
which fee light is dbected Such properties include, bat are not limited to, the diemical properties of fee sur&ce^ 
fee planaiity of the surfec^ features on fee sur&ce, voids in fee surface, and the number and/or type of layera 
beneafe fee surface. 

Different combinations of the above-mentioned properties will have difEerent effects on the phase 
and/or intensity of fee incident light resulting in substantially unique intensity/phase signatures in fee conipleK 
reflected and/or dif&Bdedligfht Thus, by examhmig a rignal (signature) library of intenslt^^ 

can be made concerning fee properties of fee surface. Suife substantially unique phasefinteiui^ 
signatures are produced by lig^ reflected from end/or refracted by different surfaces due, at least in part, to fee 
complex index ofrelGractionoffee surface onto wMch the Ught is direct^ The complex iodex of refraction (N) 
can be ccmiputed by examining fee index of refraction (n) of the surface and an extmctioa coefficient (k). One 
such computation of the complex index of refraction can be described by flie equation: 

N»n-jk 
where j is an imaginary number. 

The signal (signature) library can be constructed from observed intensity/phase signatures and/or 
signatures generated by modeling and simulation. By way of illustration, vrkten eaq>08ed to a first in ci de nt lig^ 
of Imown intensity, wavelengfe and phas^ a fixst feature on a wa&Er can generate a first i^iase/mtensi^ 
signature. Sinulady^^K^ exposed to the first incident tight of knom 

second feature on a wafer can generate a second phase^mtensity signature^ For example, a line of a first widfe 
mfly gpp^^t" " fi"t gignftfntia mhila a liiMs of a soamA widfe may generate a second signature. Observed 
signatures can be combined wife simulated and modeled signatures to form the signal (signature) library. 
Simulation and modeling can be employed to produce signatures against which measured phase/intensity 
signatures can be matched. In one exemplary aspect of fee present invention, simulation^ modeling and 
observed sig;natures are stored in a signal (signature) Vibmy containing ov^ feree hundred feousand 
phase/intensity signatures. Thus, when fee phase/intensity signals are received from scatterDmetty deteodng 
components, the phase/int^sily signals can be pattcm matched, for example^ to the Ixbrmy of signals to 
detemiine whefeer the signals correspond to a stored signature. 

To illustrate fee prhicq>les described above, reference is now made to Figs. 13 through 18* Referring 
initially to Fig. 13, an moident V^t 902 is directed at a surface 900, i^n whidbi one or more features 906 may 
exist. In Pig. 13 fee incident light 902 is reflected as lefleoted light 904. The properties of fee surface 900, 
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indndnigbiitiiot limited to. 

caaa«fectHie«flBctedUght9M, rnFig. 13, ibtS^ 906 an tm^jq^^^^gf^^ Tiephasoand 
iiit«m«.yoftliei«flectedlight904coibemeara^ 

tlB«fIectcdUght$KMcaabeplotted.asoanthemh^ Such plots can be anpteyed 

to measured sigiials wth dgnat^ 

fiu example. 

Refetring mw to Fig. 14, an iiujident light 912 « di^^ 
«fepi«B«n8 916 appear. Tlie incident light 912 is reflected as reflected light 914. like the one or more featores 
906 (Fig. 13)imiy affix* an inddent beam, so too may the one ormore depressions 916 affect an incident beam. 
Thns. itis to be appreciatedby one skilled mitoartdiat scatte«^ 

appealing on a sufiic^ fbatoes appearing in a«irfioe, andpmperties of a smfece itedt r^gaidless of features. 
Ttath^iiowtoEg. 15.canitereflB(^ 

reflection and refiaction of the mcident JMO can be affartBd by fi^ 

mesenoe of one or more features 928, and the composition of the substrate 920 upon which the featoies 928 

reside. For exanq)te, properties of the substrate 920 inoludmg.butnot limited to the iWcko^ 

chemical properties of the layer 922. the opacity and/or reflectivity of the layer 922, the thickness of a layer 924, 

the diemical properties of the layer 924, the <^city and/or i«flectivi^ 4e thickness of a layer ' 

926.1hcd«mioalpropertifl8ofthetoyer926.andthec5.acilyand/oriefle<rt^ 

«fleclkmand/orreftaclionofthemoidentlight940. Thus, a ccrmiJex reflected and/or leftacted light 942 may 
iwult ftnm the mcident light 940 mtetaclh« with the featim« 928, 
Although three layers 922, 924 and 926 are ilhnrt.atodmFlg.l3.fa^ 
flat a substrate can be fonned of a greater or lessernumbor of such layers. 

Taming now to Fig. 16. one of fee properties from Fig. 15 is illustnrted in greater deCaiL Tie sabslnte 
920 can be Ibimed of one or more layers 922, 924 and 926. Tbe phase 950 of the reflected and/or refiacted light 
942can depend. atleastmpart,Qnflielhida>e880falayer.fbrexample. the layerP^^^ Thn8.inFig. 17. the 

phase 952 of lherBfleotedIight942difitoihnndmphase 950 due, at least inpart,tolte 
flie layer 924 m Fig. 17. 

llnis, scatteKjmetry is a technique flurt can be employed to ex^ 
Miiichanmddaitlighthasbeendirectod. Tl«infom«rtioncanbee«ractedbyaiia^gphase^^ 
signalsofacomplexreflectedaad/ordiffiactodKght The intensity and/or the phase of the leBected and/or 
diffracted light wiU change based on properties of die snrfece upon which the light is directed, resnhing hi 

substantiaHy unique signatares that can be analyzedto determhie one ormorepropertiM 
Clinch the incident light was directed. 

The present mvention provides for a system and method for regulating spacer dq)08i^ AsaiesuK. 
thepresent invention ficilitates nnproviag density packings, chip integrity and chip reliability, which mtum 
hicreases chip perfoim«nce m aoconlance wi& die present juvention. 

DescribedaboveareeMnipk8of1hep,«entmvention. It is, ofcomscaotposaiWeto describe every 
ce«»ceivablecombhwtionofoonq«menlsormetfi^^ 
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one of ordinary skill in the art will recognize tibat many forther combinations and pennutatio ns of die present 
invention are possible. Accordingly, the present invention is intended to embrace all such alterationSj 
modifications and variations tbat fall within the spirit and scope of the appended claims. 
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Claims 

AVhat is claimed is: 

1 . A system for regulating spacer deposition, comprising: 

at least one spacer deposition compoDcnt operative to deposit spacer on a portion of a wafer (4» 22, 
1104,920); 

a spacer deposition component contfoUer for controlling the at least one spacer deposition com^nent; 

a system &r ditecting light to the portion of tiie wafer and collecting light raflected (904, 9 14, 942) 
fiom tiie portion of tiie wafer (4, 22, 1 104, 920); 

a measuriAg system (6, 50) for measuring one or more spacer pax^^ 
spaxxx (120) according to the light lofiooted (904, 914, 942) from tiic poittan of tiie wafer (4, 22, 1 104, 920); 
and 

a processor (14) pperatively coupled to the measuring system (6, 50) and tibe spacer deposition 
contooller, wherein the processor (14) receives the measured data associated with the deposited ^acer (120) 
from the measuring system (6, 50), analyzes tiie measured data by comparing the measured data to stored 
acceptable spacer values to determine necessary adjustments to the at least one spacer deposition conq)onBnt via 
tiw ^moer dqxssition ccntroller in order to femUtate regulating spacer deposition on ti]te portion of the wafer (4, 
22, 1 104, 920) and on subsequent portions of wafers (4, 22, 1 104, 920). 

Z The system of daim 1, wherdbi tiie measuring system (6, 50) further hichides a scattoomeby 
system (51) for processing die light reflected (904, 914, 942) from die one or more spacer deposits (120). 

3. The system of claim 1, wherdn the processor (14) is further operable to prx)duce one or moire 
values associated with controlling post spacer deposition processing. 

4. Hie system of daim 3, where the post spacer deposition processing is etching. 

5. The system of daim U wherein Ihe processor (14) enqiloya a noti-lioear trafnmg aynttm to 
fecilitate determining ad|ustments to spacer depoution. 

6. Ihe system of claim 8, processor (14) ferther comprising a feedbadc control system in order to 
fedlitate regulating sjpacer deposition. 

7. A method for regulating spacer deposition, comprising: 

defining a wafer (4, 22, 1 1 04, 920) as havmg one or more portions, where spacer (80) is dq)osited onto 
die one or more portions; 

directing light (902, 912, 940) onto the spacer (80) deposited onto the one ctf more portions; 
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collecting light reflected (904, 914, 942) ficom tiie spacer (80) deposited onto flie one or more portions; 

measuring the reflected Hght (904» 9 14» 942) to determine at least one of spacer thickness, i^^acer 
imi&nnity and spacer coverage in Hie one or more portions; 

analyzing the reflected light (904, 914» 942) hy comparing the reflected Ugbt (904, 914, 942) to one or 
noore signatmes associatBd with at least one of known spacer dddoiess values, known spacv nnifixnnity vafaies 
and known spacer coverage values; and 

adjustizig one or more spacer deposition CQmponeotB to regnlate stpacer depositian* 

8. The niethodofclahn 7, fbr&er comprising usmg a scat^^ 
reflected Hg^ (904, 914, 942). 

9. The mediod of claim 8^ comprising adjusting one or more spacer deposition coo^oneats 
based^ at least in part, on data received &om fbe scatterometry system (5 1 )« 

10. A mediod for regulating spacer deposition, conq^ing: 
partitioning a wafer (4, 22, 1 104, 920) bto a ptarality of grid blocks; 

usmg one or more spac^ dq>ositian comp(meats to dqposit spacer (80) on the wafer (4, 22, 1 104, 920), 
each spacer dq>08ition component fimctiottal^ coirespoxuHog to a respective grid blodc; 

detennining spacer thidmess cm portions of the wafer (4» 22, 1104, 920), each portion coirespoiuUng to 
a respective grid block; and 

coordinating control of the spacer deposition components in accordance with the deteimined spacer 
thickness associated widi the respective grid blocks of the wafer (4, 22, 1 104, 920). 
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